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Description
TECHNICAL FIELD

[0001] The present invention relates to an interlayer film for a laminated glass which can exhibit high deaeration
properties during preliminary pressure bonding and enables production of a highly transparent laminated glass. The
present invention also relates to a roll, a laminated glass, a method for producing the interlayer film for a laminated glass,
and a method for producing the roll.

BACKGROUND ART

[0002] Alaminated glassincluding two glass plates integrated through an interlayer film for a laminated glass containing
plasticized polyvinyl butyral is widely used for windowpanes of vehicles, aircraft, and buildings.

[0003] Exemplary methods for producing a laminated glass include a rubber bag method and a nip roll method (see
Patent Literature 1, for example). In the rubber bag method, an interlayer film for a laminated glass drawn out from a
roll is cut to an appropriate size and sandwiched between at least two glass plates to give a laminate. The laminate is
placed in a rubber bag and vacuum suctioned for removal of air remaining between the glass plates and the interlayer
film so as to be preliminary pressure bonded. Then, the laminate is pressurized with heat, for example, in an autoclave
for final pressure bonding. In the nip roll method, a laminate including at least two glass plates and an interlayer film for
a laminated glass interposed between the glass plates is carried by a conveyor through a heating zone to be heated to
a certain temperature, and then passed through nip rolls to be pressure bonded under heating, while the glass plates
andtheinterlayer film are squeezed for reduction of air remaining therebetween. The laminate is thus preliminary pressure
bonded while air between the interlayer film and the glass plates is reduced. The resulting laminate in a state where air
thereinis reduced is then subjected to final bonding under a high-temperature and high-pressure conditionin an autoclave.
[0004] For production of a highly transparent laminated glass, deaeration properties upon stacking a glass plate and
an interlayer film for a laminated glass on top of each other for preliminary pressure bonding is important in the process
for producing a laminated glass. The interlayer film for a laminated glass commonly has minute projections and recesses
formed on at least one surface for the purpose of ensuring the deaeration properties in production of a laminated glass.
[0005] Inthe case of a conventional interlayer film for a laminated glass, though it has minute projections and recesses
on its surface, deaeration properties during the preliminary pressure bonding may be insufficient, leading to poor trans-
parency of the resulting laminated glass. In particular, defective deaeration tends to occur in production of a large
laminated glass to be used for buildings.

CITATION LIST

- Patent Literature

[0006] Patent Literature 1: JP H08-26789 A
SUMMARY OF INVENTION

- Technical Problem

[0007] The presentinvention aims to, in consideration of the state of the art, provide an interlayer film for a laminated
glass which can exhibit high deaeration properties during preliminary pressure bonding and enables production of a
highly transparent laminated glass. The present invention also aims to provide a roll, a laminated glass, a method for
producing the interlayer film for a laminated glass, and a method for producing the roll.

- Solution to problem

[0008] The presentinvention relates to an interlayer film for a laminated glass, having a large number of recesses and
a large number of projections on at least one surface, the interlayer film for a laminated glass having a thickness with a
difference between a maximum thickness and a minimum thickness of less than 40 wm at each of a central portion, one
end portion, and an other end portion in a width direction that is orthogonal, in the same plane, to a machine direction
of the film in production of the interlayer film for a laminated glass, the thickness being measured along 3 m in the
machine direction of the film in production of the interlayer film for a laminated glass at the central portion, the one end
portion, and the other end portion in the width direction.

[0009] The present invention is specifically described in the following.
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[0010] The present inventors investigated the cause of insufficient deaeration during preliminary pressure bonding
using a conventional interlayer film for a laminated glass having minute projections and recesses on its surface to find
out that the variation in thickness in the machine direction of an interlayer film for a laminated glass causes non-uniform
application of a pressure during preliminary pressure bonding, resulting in defective deaeration.

[0011] Specifically, in production of an interlayer film for a laminated glass, a raw material resin composition is extruded
from an extruder to form an interlayer film. The extrusion conditions, such as extrusion speed, are set to be uniform but
the extrusion conditions actually have fluctuations. Such fluctuations result in the variation in thickness of an interlayer
film for a laminated glass to be obtained. Moreover, in the case of embossing a surface of an interlayer film for a laminated
glass, the film is passed between embossing rolls under heating. The eccentricity of the embossing rolls at that time
also presumably causes the variation in thickness of an interlayer film for a laminated glass to be obtained.

[0012] The presentinventors made further intensive studies to find out that an interlayer film for a laminated glass can
exhibit high deaeration properties upon preliminary pressure bonding and enables production of a highly transparent
laminated glass in a case where the interlayer film for a laminated glass has a large number of recesses and a large
number of projections and has a thickness with a variation of less than 40 um at a central portion, one end portion, and
an other end portion in a width direction that is orthogonal, in the same plane, to a machine direction of the film in
production of the interlayer film, the thickness being measured along 3 m in the machine direction of the film in production
of the interlayer film for a laminated glass at the central portion, the one end portion, and the other end portion in the
width direction. The present invention was thus completed.

[0013] The interlayer film for a laminated glass of the present invention has a thickness with a difference between a
maximum thickness and a minimum thickness of less than 40 um at each of a central portion, one end portion, and an
other end portion in a width direction that is orthogonal, in the same plane, to a machine direction of the film in production
of the interlayer film. The thickness is measured along 3 m in the machine direction of the film in production of the
interlayer film for a laminated glass at the central portion, the one end portion, and the other end portion in the width
direction. This allows the deaeration properties to be highly exhibited upon preliminary pressure bonding, leading to
production of a highly transparent laminated glass. Here, the reason why the thickness is measured along "3 m" is that
defective deaeration can be surely prevented when the variation in thickness is small in the length of 3 m even in
production of a large laminated glass to be used for buildings. The difference between the maximum thickness and the
minimum thickness at each of the central portion, the one end portion and the other end portion in the width direction is
preferably 39 wm or less, more preferably 30 um or less, still more preferably 25 wm or less, particularly preferably 15
wm or less.

[0014] The machine direction in production of the interlayer film for a laminated glass as used herein refers to the
direction in which a raw material resin composition is extruded from an extruder in production of the interlayer film for a
laminated glass.

[0015] The machine direction in production of the interlayer film for a laminated glass can be confirmed, for example,
by the following method. The interlayer film for a laminated glass is stored in a thermostat at 140°C for 30 minutes, and
the shrinkage is measured in the parallel direction and vertical direction of the film. The direction in which the shrinkage
is larger is the machine direction. The machine direction can be confirmed also by the winding direction of a roll of the
interlayer film for a laminated glass. Since the interlayer film for a laminated glass is wound up in the machine direction
in production thereof to give a roll, the winding direction of the roll is the same as the machine direction of the film in
production of the interlayer film for a laminated glass.

[0016] The method for measuring the thickness at the central portion, the one end portion, and the other end portion
in the width direction of the interlayer film for a laminated glass of the present invention is specifically described with
reference to Fig. 1. In Fig. 1(a), an interlayer film for a laminated glass 1 is drawn out from a roll 2. Here, the drawing
direction corresponds to the machine direction of the interlayer film for a laminated glass and the direction orthogonal
to the machine direction in the same plane corresponds to the width direction.

[0017] The drawn interlayer film for a laminated glass is cut at a position of 3 m or longer in the machine direction to
give a test sample with a size of 3 m X film width (normally 1 m)(Fig. 1(b)). The test sample 3 is planarly left to stand at
20°C and 30%RH or lower for 24 hours, and the measurement is performed thereon. After the standing, the thickness
at the central portion, the one end portion, and the other end portion in the width direction of the test sample 3 is measured.
The thickness is measured under the conditions of 20°C and 30%RH or lower. On the test sample 3 shown in Fig. 1(b),
a dotted line 41 is along the central portion in the width direction and dotted lines 42 and 43 are along the end portions
in the width direction. The end portions in the width direction are each preferably at a position shifted toward the central
portion in the width direction from the edge by a distance corresponding to 5% of the width of the interlayer film for a
laminated glass. The thickness is measured continuously along these dotted lines 41, 42, and 43 with a micrometer
(e.g., KG601B-type wide-range electronic micrometer produced by Anritsu Corporation) at 1.5 m/min.

[0018] The difference between the maximum thickness and the minimum thickness is calculated for each of the central
portion, the one end portion, and the other end portion in the width direction of the interlayer film for a laminated glass
based on the obtained data.
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[0019] The interlayer film for a laminated glass of the present invention preferably contains a thermoplastic resin.
[0020] Examples of the thermoplastic resin include polyvinylidene fluoride, polytetrafluoroethylene, vinylidene fluoride-
propylene hexafluoride copolymers, polyethylene trifluoride, acrylonitrile-butadiene-styrene copolymers, polyester, pol-
yether, polyamide, polycarbonate, polyacrylate, polymethacrylate, polyvinyl chloride, polyethylene, polypropylene, pol-
ystyrene, polyvinyl acetal, and ethylene-vinyl acetate copolymers. Preferred among these is polyvinyl acetal.

[0021] The polyvinyl acetal can be prepared, for example, by acetalization of polyvinyl alcohol (PVA) with an aldehyde.
The polyvinyl acetal is preferably an acetalization product of polyvinyl alcohol. The PVA commonly has a degree of
saponification within a range of 70 to 99.9 mol%.

[0022] The PVA to be used for preparing the polyvinyl acetal has a degree of polymerization of preferably 200 or more,
more preferably 500 or more, still more preferably 1700 or more, particularly preferably 2000 or more, and preferably
5000 or less, more preferably 4000 or less, still more preferably 3000 or less, furthermore preferably less than 3000,
particularly preferably 2800 or less. The polyvinyl acetal is preferably a polyvinyl acetal prepared by acetalization of PVA
having a degree of polymerization that satisfies the above lower limit and upper limit. When the degree of polymerization
is equal to or more than the lower limit, a laminated glass to be obtained has higher penetration resistance. When the
degree of polymerization is equal to lower than the upper limit, formation of an interlayer film is facilitated.

[0023] The degree of polymerization of PVA refers to the average degree of polymerization. The average degree of
polymerization can be obtained by the method in conformity with JIS K6726 "Testing methods for polyvinyl alcohol".
Commonly, the aldehyde is preferably a C1-C10 aldehyde. Examples of the C1-C10 aldehyde include formaldehyde,
acetaldehyde, propionaldehyde, n-butyraldehyde, isobutyraldehyde, n-valeraldehyde, 2-ethylbutyraldehyde, n-hexylal-
dehyde, n-octylaldehyde, n-nonylaldehyde, n-decylaldehyde, and benzaldehyde. Preferred among these are n-butyral-
dehyde, n-hexylaldehyde, and n-valeraldehyde, and more preferred is n-butyraldehyde. These aldehydes may be used
alone or in combination of two or more thereof.

[0024] The polyvinyl acetal is preferably polyvinyl butyral. The use of polyvinyl butyral further increases the weather
resistance or like properties of the interlayer film relative to a laminated glass member.

[0025] The interlayer film for a laminated glass of the present invention preferably contains a plasticizer.

[0026] Any plasticizer may be used as long as itis commonly used in interlayer films for a laminated glass. Examples
thereof include organic plasticizers such as monobasic organic acid esters and polybasic organic acid esters, and
phosphoric acid plasticizers such as organophosphate compounds and organophosphite compounds.

[0027] Examples of the organic plasticizers include triethylene glycol-di-2-ethylhexanoate, triethylene glycol-di-2-ethyl-
butyrate, triethylene glycol-di-n-heptanoate, tetraethylene glycol-di-2-ethylhexanoate, tetraethylene glycol-di-2-ethylbu-
tyrate, tetraethylene glycol-di-n-heptanoate, diethylene glycol-di-2-ethylhexanoate, diethylene glycol-di-2-ethylbutyrate,
and diethylene glycol-di-n-heptanoate. Among these, the interlayer film for a laminated glass of the present invention
contains preferably triethylene glycol-di-2-ethylhexanoate, triethylene glycol-di-2-ethylbutyrate, or triethylene glycol-di-
n-heptanoate, more preferably triethylene glycol-di-2-ethylhexanoate.

[0028] In the interlayer film for a laminated glass of the present invention, the amount of the plasticizer relative to the
amount of the thermoplastic resin is not particularly limited. The amount of the plasticizer based on 100 parts by mass
of the thermoplastic resin is preferably 25 parts by mass or more, more preferably 30 parts by mass or more, still more
preferably 35 parts by mass or more, and preferably 80 parts by mass or less, more preferably 60 parts by mass or less,
still more preferably 50 parts by mass or less. When the amount of the plasticizer is equal to or more than the lower
limit, a laminated glass to be obtained has higher penetration resistance. When the amount of the plasticizer is equal to
or less than the upper limit, an interlayer film to be obtained has higher transparency.

[0029] The interlayer film for a laminated glass of the present invention preferably contains an adhesion modifier.
[0030] As the adhesion modifier, for example, an alkali metal salt or an alkaline earth metal salt is preferably used.
Examples of the adhesion modifier include salts such as potassium, sodium, and magnesium salts.

[0031] Examples of an acid forming the salts include organic carboxylic acids such as octylic acid, hexylic acid, 2-
ethylbutyric acid, butyric acid, acetic acid, and formic acid, and inorganic acids such as hydrochloric acid and nitric acid.
[0032] The interlayer film for a laminated glass of the present invention may optionally contain additives such as an
antioxidant, a light stabilizer, a modified silicone oil as an adhesion modifier, a flame retardant, an antistatic agent, a
damp proofing agent, a heat ray reflecting agent, a heat ray absorbing agent, an anti-blocking agent, an antistatic agent,
and a colorant including pigments or dyes.

[0033] The interlayer film for a laminated glass of the present invention may have a single layer structure consisting
of one resin layer or a multilayer structure including two or more resin layers laminated together.

[0034] In the case of having a multilayer structure, the interlayer film for a laminated glass of the present invention
may include, as two or more resin layers mentioned above, a first resin layer and a second resin layer having different
characteristics. Such an interlayer film for a laminated glass can have various properties which are hardly achieved by
a single layer structure.

[0035] The interlayer film for a laminated glass of the present invention having a multilayer structure may be, for
example, an interlayer film for a laminated glass having excellent sound insulation properties (hereafter, also referred
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to as a "sound insulation interlayer film") which includes two protective layers as the first resin layers and a sound
insulation layer as the second resin layer interposed between the protective layers with an aim of improving the sound
insulation properties.

[0036] The sound insulation interlayer film is more specifically described in the following.

[0037] In the sound insulation interlayer film, the sound insulation layer provides sound insulation properties.

[0038] The sound insulation layer preferably contains polyvinyl acetal X and a plasticizer.

[0039] The polyvinyl acetal X can be prepared by acetalization of polyvinyl alcohol with an aldehyde. The polyvinyl
acetal X is preferably an acetalization product of polyvinyl alcohol. The polyvinyl alcohol is commonly obtained by
saponifying polyvinyl acetate.

[0040] The lower limit of the degree of polymerization of the polyvinyl alcohol is preferably 200, and the upper limit
thereof is preferably 5000. When the polyvinyl alcohol has a degree of polymerization of 200 or more, a sound insulation
interlayer film to be obtained can have better penetration resistance. When the polyvinyl alcohol has a degree of polym-
erization of 5000 or less, formability of a sound insulation layer can be ensured. The lower limit is more preferably 500
and the upper limit is more preferably 4000.

[0041] The lower limit of the carbon number of the aldehyde used for acetalization of the polyvinyl alcohol is preferably
4, and the upper limit thereof is preferably 6. When the aldehyde has a carbon number of 4 or more, a sound insulation
interlayer film for a laminated glass to be obtained can stably contain a sufficient amount of a plasticizer. As a result,
the sound insulation interlayer film can exhibit excellent sound insulation properties. Moreover, bleeding out of the
plasticizer can be prevented. When the aldehyde has a carbon number of 6 or less, synthesis of the polyvinyl acetal X
can be facilitated, ensuring the productivity.

[0042] The C4-C6 aldehyde may be a linear or branched aldehyde, and examples thereof include n-butyraldehyde
and n-valeraldehyde.

[0043] The upper limit of the hydroxy group content of the polyvinyl acetal X is preferably 30 mol%. When the hydroxy
group content of the polyvinyl acetal X is 30 mol% or less, the sound insulation layer can contain a plasticizer in an
amount needed for exhibiting sound insulation properties, and bleeding out of the plasticizer can be prevented. The
upper limit of the hydroxy group content of the polyvinyl acetal X is more preferably 28 mol%, still more preferably 26
mol%, particularly preferably 24 mol%, and the lower limit thereof is preferably 10 mol%, more preferably 15 mol%, still
more preferably 20 mol%.

[0044] The hydroxy group content of the polyvinyl acetal X is a value in percentage of the mole fraction (mol%) obtained
by dividing the amount of ethylene groups to which hydroxy groups are bonded by the total amount of ethylene groups
of the main chain. The amount of ethylene groups to which hydroxy groups are bonded can be determined by measuring
the amount of ethylene groups to which hydroxy groups are bonded in the polyvinyl acetal X by the method in conformity
with JIS K6728 "Testing methods for polyvinyl butyral”.

[0045] The lower limit of the acetal group content of the polyvinyl acetal X is preferably 60 mol%, and the upper limit
thereof is preferably 85 mol%. When the polyvinyl acetal X has an acetal group content of 60 mol% or more, the sound
insulation layer has higher hydrophobicity and can contain a plasticizer in an amount needed for exhibiting sound
insulation properties. Moreover, bleeding out of the plasticizer and whitening can be prevented. When the polyvinyl
acetal X has an acetal group content of 85 mol% or less, synthesis of the polyvinyl acetal X can be facilitated, ensuring
the productivity. The acetal group content can be obtained by measuring the amount of ethylene groups to which acetal
groups are bonded in the polyvinyl acetal X by the method in conformity with JIS K6728 "Testing methods for polyvinyl
butyral".

[0046] The lower limit of the acetyl group content of the polyvinyl acetal X is preferably 0.1 mol%, and the upper limit
thereof is preferably 30 mol%. When the acetyl group content of the polyvinyl acetal X is 0.1 mol% or more, the sound
insulation layer can contain a plasticizer in an amount needed for exhibiting sound insulation properties, and bleeding
out of the plasticizer can be prevented. When the acetyl group content of the polyvinyl acetal X is 30 mol% or less, the
sound insulation layer can have higher hydrophobicity, preventing whitening. The lower limit of the acetyl group content
is more preferably 1 mol%, still more preferably 5 mol%, particularly preferably 8 mol%, and the upper limit thereof is
more preferably 25 mol%, still more preferably 20 mol%. The acetyl group content is a value in percentage of the mole
fraction (mol%) obtained by subtracting the amount of ethylene groups to which acetal groups are bonded and the
amount of ethylene groups to which hydroxy groups are bonded from the total amount of ethylene groups of the main
chain and then dividing the obtained value by the total amount of ethylene groups of the main chain.

[0047] The polyvinyl acetal X is preferably a polyvinyl acetal having an acetyl group content of 8 mol% or more or a
polyvinyl acetal having an acetyl group content of less than 8 mol% and an acetal group content of 68 mol% or more
because the sound insulation layer can readily contain a plasticizer in an amount needed for exhibiting sound insulation
properties.

[0048] Thelower limit of the plasticizer content of the sound insulation layer based on 100 parts by mass of the polyvinyl
acetal X is preferably 45 parts by mass, and the upper limit thereof is preferably 80 parts by mass. When the plasticizer
content is 45 parts by mass or more, the sound insulation layer can exhibit high sound insulation properties. When the
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plasticizer content is 80 parts by mass or less, reduction in the transparency and adhesiveness of an interlayer film for
alaminated glass to be obtained due to bleeding out of the plasticizer can be prevented. The lower limit of the plasticizer
content is more preferably 50 parts by mass, still more preferably 55 parts by mass, and the upper limit thereof is more
preferably 75 parts by mass, still more preferably 70 parts by mass.

[0049] The lower limit of the thickness of the sound insulation layer is preferably 50 um. When the sound insulation
layer has a thickness of 50 um or more, the sound insulation layer can exhibit enough sound insulation properties. The
lower limit of the thickness of the sound insulation layer is more preferably 70 pwm, still more preferably 80 um. The upper
limit thereof is not particularly limited. In consideration of the thickness as an interlayer film for a laminated glass, the
upper limit is preferably 150 pm.

[0050] The protective layer prevents bleeding out of the plasticizer contained in a large amount in the sound insulation
layer to prevent reduction in the adhesiveness between the interlayer film for a laminated glass and the glass plate, and
imparts penetration resistance to the interlayer film for a laminated glass.

[0051] The protective layer preferably contains, for example, a plasticizer and polyvinyl acetal Y, more preferably a
plasticizer and polyvinyl acetal Y having a larger hydroxy group content than polyvinyl acetal X.

[0052] The polyvinyl acetal Y can be prepared by acetalization of polyvinyl alcohol with an aldehyde. The polyvinyl
acetal Y is preferably an acetalization product of polyvinyl alcohol.

The polyvinyl alcohol is commonly obtained by saponifying polyvinyl acetate. The lower limit of the degree of polymer-
ization of the polyvinyl alcohol is preferably 200, and the upper limit thereof is preferably 5000. When the polyvinyl alcohol
has a degree of polymerization of 200 or more, an interlayer film for a laminated glass to be obtained can have better
penetration resistance. When the polyvinyl alcohol has a degree of polymerization of 5000 or less, formability of a
protective layer can be ensured. The lower limit is more preferably 500 and the upper limit is more preferably 4000.
[0053] The lower limit of the carbon number of the aldehyde used for acetalization of the polyvinyl alcohol is preferably
3, and the upper limit thereof is preferably 4. When the aldehyde has a carbon number of 3 or more, an interlayer film
for a laminated glass to be obtained has higher penetration resistance. When the aldehyde has a carbon number of 4
or less, productivity of the polyvinyl acetal Y is improved.

[0054] The C3-C4 aldehyde may be a linear or branched aldehyde, and examples thereof include n-butyraldehyde.
[0055] The upper limit of the hydroxy group content of the polyvinyl acetal Y is preferably 33 mol%, and the lower limit
thereof is preferably 28 mol%. When the polyvinyl acetal Y has a hydroxy group content of 33 mol% or less, whitening
of an interlayer film for a laminated glass to be obtained can be prevented. When the polyvinyl acetal Y has a hydroxy
group content of 28 mol% or more, an interlayer film for a laminated glass to be obtained has higher penetration resistance.
[0056] The lower limit of the acetal group content of the polyvinyl acetal Y is preferably 60 mol%, and the upper limit
thereof is preferably 80 mol%. When the acetal group content is 60 mol% or more, a protective layer to be obtained can
contain a plasticizer in an amount needed for exhibiting enough penetration resistance. When the acetal group content
is 80 mol% or less, the adhesion force between the protective layer and the glass plate can be ensured. The lower limit
of the acetal group content is more preferably 65 mol%, and the upper limit thereof is more preferably 69 mol%.
[0057] The upper limit of the acetyl group content of the polyvinyl acetal Y is preferably 7 mol%. When the polyvinyl
acetal Y has an acetyl group content of 7 mol% or less, a protective layer to be obtained can have higher hydrophobicity,
thereby preventing whitening. The upper limit of the acetyl group content is more preferably 2 mol%, and the lower limit
thereofis preferably 0.1 mol%. The hydroxy group content, acetal group content, and acetyl group content of the polyvinyl
acetal Y can be measured by the same method as that in the case of the polyvinyl acetal X.

[0058] The lower limit of the plasticizer content in the protective layer based on 100 parts by mass of the polyvinyl
acetal Y is preferably 20 parts by mass, and the upper limit thereof is preferably 45 parts by mass. When the plasticizer
content is 20 parts by mass or more, the penetration resistance can be ensured. When the plasticizer content is 45 parts
by mass or less, bleeding out of the plasticizer can be prevented, thereby preventing reduction in the transparency and
adhesiveness of an interlayer film for a laminated glass to be obtained. The lower limit of the plasticizer content is more
preferably 30 parts by mass, still more preferably 35 parts by mass, and the upper limit thereof is more preferably 43
parts by mass, still more preferably 41 parts by mass. For better sound insulation properties of a laminated glass to be
obtained, the plasticizer content in the protective layer is preferably smaller than the plasticizer content in the sound
insulation layer.

[0059] For higher sound insulation properties of a laminated glass to be obtained, the hydroxy group content of the
polyvinyl acetal Y is preferably larger than the hydroxy group content of the polyvinyl acetal X, more preferably larger
by 1 mol% or more, still more preferably larger by 5 mol% or more, particularly preferably larger by 8 mol% or more.
Adjustment of the hydroxy group contents of the polyvinyl acetal X and polyvinyl acetal Y enables control of the plasticizer
contents in the sound insulation layer and the protective layer, so that the sound insulation layer has a lower glass
transition temperature. As a result, a laminated glass to be obtained has higher sound insulation properties.

[0060] For still higher sound insulation properties of a laminated glass to be obtained, the plasticizer content (hereafter,
also referred to as content X) based on 100 parts by mass of the polyvinyl acetal X in the sound insulation layer is
preferably larger than the plasticizer content (hereafter, also referred to as content Y) based on 100 parts by mass of
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the polyvinyl acetal Y in the protective layer, more preferably larger by 5 parts by mass or more, still more preferably
larger by 15 parts by mass or more, particularly preferably larger by 20 parts by mass or more. Adjustment of the content
X and content Y lowers the glass transition temperature of the sound insulation layer. As a result, a laminated glass to
be obtained has still higher sound insulation properties.

[0061] The lower limit of the thickness of the protective layer is preferably 200 wm, and the upper limit thereof is
preferably 1000 wm. When the protective layer has a thickness of 200 wm or more, the penetration resistance can be
ensured.

[0062] The lower limit of the thickness of the protective layer is more preferably 300 wm, and the upper limit thereof
is more preferably 700 wm.

[0063] The sound insulation interlayer film may be produced by any method. The sound insulation interlayer film can
be produced, for example, by a method of forming the sound insulation layer and protective layers as sheet materials
by a conventional film formation method such as extrusion, calendering, or pressing and then laminating the obtained
sheet materials.

[0064] The interlayer film for a laminated glass of the presentinvention may be produced by any method. The interlayer
film for a laminated glass of the present invention can be produced, for example, by a method of extrusion molding a
raw material resin composition using an extruder. Control of the extrusion-molding conditions enables production of an
interlayer film for a laminated glass having a thickness with a difference between the maximum thickness and the
minimum thickness of less than 40 wm at each of the central portion, the one end portion, and the other end portion in
the width direction. In the case of embossing a surface of the interlayer film for a laminated glass, the interlayer film for
a laminated glass satisfying the expansion coefficient in the width direction and the shrinkage coefficient in the machine
direction is hardly obtained by the method using an embossing roll, and therefore, a lip method in which ingenuity is
exercised in the shape of a die lip of a die of an extruder to form projections and recesses is preferably employed.
[0065] Specifically, in the extrusion step of extruding a raw material resin composition from a die using an extruder,
the variation in delivery pressure of the extruder is set to +5 kg/cm?2 or less and the variation in temperature of the die
is setto =20°C orless. When the extrusion conditions are controlled as described above, an interlayer film for a laminated
glass to be obtained has a thickness with a difference between the maximum thickness and the minimum thickness of
less than 40 um at each of the central portion, the one end portion, and the other end portion in the width direction.
[0066] The present invention also encompasses a method for producing an interlayer film for a laminated glass,
including an extrusion step of extruding a raw material resin composition from a die using an extruder, the extruder
having a variation in delivery pressure of =5 kg/cm? or less during the extrusion step, the die having a variation in
temperature during the extrusion step of =20°C or less.

[0067] The interlayer film for a laminated glass prepared by extruding a raw material resin composition from a die
using an extruder can be wound up in the machine direction of the film in production thereof into a roll to be used for
production of a laminated glass.

[0068] The presentinvention also encompasses a roll prepared by winding up the interlayer film for a laminated glass
of the present invention in the machine direction of the film in production thereof.

[0069] The present invention further encompasses a method for producing a roll, including: an extrusion step of
extruding a raw material resin composition from a die using an extruder to form an interlayer film for a laminated glass;
and a winding step of winding up the interlayer film for a laminated glass into a roll in an extrusion direction of the extruded
interlayer film for a laminated glass, the extruder having a variation in delivery pressure during the extrusion step of £5
kg/cm? or less, the die having a variation in temperature during the extrusion step of =20°C or less.

[0070] The presentinvention further encompasses a laminated glass including a pair of glass plates and the interlayer
film for a laminated glass of the present invention interposed between the pair of glass plates.

[0071] The glass plate may be a commonly used transparent glass plate. Examples thereof include inorganic glass
plates such as float glass plates, polished glass plates, figured glass plates, meshed glass plates, wired glass plates,
colored glass plates, heat-absorbing glass plates, heat-reflecting glass plates, and green glass plates. An ultraviolet
shielding glass plate including an ultraviolet shielding coat layer on a glass surface may also be used. Other examples
of the glass plates include organic plastic plates made of polyethylene terephthalate, polycarbonate, polyacrylate, or the
like.

[0072] The glass plates may include two or more types of glass plates. For example, the laminated glass may be a
laminate including the interlayer film for a laminated glass of the present invention between a transparent float glass
plate and a colored glass plate such as a green glass plate. The glass plates may include two or more glass plates with
a different thickness.

- Advantageous Effects of Invention

[0073] The present invention can provide an interlayer film for a laminated glass, which can exhibit high deaeration
properties during preliminary pressure bonding and enables production of a highly transparent laminated glass. The



10

15

20

25

30

35

40

45

50

55

EP 3 202 735 A1

present invention also can provide a roll, a laminated glass, a method for producing the interlayer film for a laminated
glass, and a method for producing the roll.

BRIEF DESCRIPTION OF DRAWINGS

[0074] Fig. 1isaschematic view for explaining a method for measuring the thickness of an interlayer film for a laminated
glass at a central portion, one end portion, and an other end portion in the width direction of the film.

DESCRIPTION OF EMBODIMENTS
[0075] Embodiments of the present invention are specifically described with reference to, but not limited to, examples.
(Example 1)

[0076] To 100 parts by mass of a polyvinyl butyral resin (hydroxy group content: 30 mol%, degree of acetylation: 1
mol%, degree of butyralization: 69 mol%, average degree of polymerization: 1700) were added 40 parts by mass of
triethylene glycol-di-2-ethylhexanoate (3GO) as a plasticizer, 0.5 parts by mass of 2-(2’-hydroxy-3’-t-butyl-5-methylphe-
nyl)-5-chlorobenzotriazole ("Tinuvin326" produced by Basf SE) as an ultraviolet light shielding agent, and 0.5 parts by
mass of 2,6-di-t-butyl-p-cresol (BHT) as an antioxidant, and kneaded with a mixing roll sufficiently to give a resin com-
position.

[0077] The obtained resin composition was extruded from an extruder to form a single layer interlayer film for a
laminated glass having a width of 100 cm. The interlayer film was wound into a roll. At this time, a lip die with a lip interval
of 1.2 mm was used. The variation in delivery pressure of the extruder was set to =3 kg/cm?2 or less and the variation
in temperature of the die was set to =10°C or less.

(Examples 2 to 8, Comparative Examples 1 to 5)

[0078] Aninterlayer film for a laminated glass was obtained as in Example 1, except that the extrusion conditions were
changed within a range that the variation in delivery pressure of the extruder was +5 kg/cm?2 or less and the variation
in temperature of the die was =20°C or less.

(Example 9)
(Preparation of a resin composition for protective layers)

[0079] To 100 parts by weight of a polyvinyl butyral resin (a hydroxy group content: 30 mol%, degree of acetylation:
1 mol%, degree of butyralization: 69 mol%, average degree of polymerization: 1700) were added 40 parts by weight of
triethylene glycol-di-2-ethylhexanoate (3GO) as a plasticizer, 0.5 parts by weight of 2-(2’-hydroxy-3’-t-butyl-5-methyl-
phenyl)-5-chlorobenzotriazole ("Tinuvin326" produced by Basf SE) as an ultraviolet light shielding agent, and 0.5 parts
by weight of 2,6-di-t-butyl-p-cresol (BHT) as an antioxidant, and kneaded with a mixing roll sufficiently to give a resin
composition for protective layers.

(Preparation of a resin composition for sound insulation layers)

[0080] To 100 parts by weight of a polyvinyl butyral resin (hydroxy group content: 23 mol%, degree of acetylation: 12
mol%, degree of butyralization: 65 mol%, average degree of polymerization: 2300) were added 60 parts by weight of
triethylene glycol-di-2-ethylhexanoate (3GO) as a plasticizer, and kneaded with a mixing roll sufficiently to give a resin
composition for sound insulation layers.

(Production of an interlayer film for a laminated glass)

[0081] Theresin composition for sound insulation layers and the resin composition for protective layers were coextruded
to form an interlayer film for a laminated glass (width: 100 cm) having a triple layer structure including a protective layer
(thickness: 350 wm), a sound insulation layer (thickness: 100 wm), and a protective layer (thickness: 350 um) stacked
in said order in the thickness direction. The formed interlayer film for a laminated glass was wound into a roll. At this
time, a lip die with a lip interval of 1.2 mm was used. The variation in delivery pressure of the extruder was set to =3
kg/cm?2 or less and the variation in temperature of the die was set to +10°C.
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(Example 10)

[0082] Aninterlayer film for a laminated glass was obtained as in Example 9, except that the extrusion conditions were
changed within a range that the variation in delivery pressure of the extruder was +5 kg/cm?2 or less and the variation
in temperature of the die was =20°C or less.

(Evaluation)

[0083] The interlayer films for a laminated glass obtained in the examples and the comparative examples were eval-
uated by the following methods.
[0084] Table 1 shows the results.

(1) Evaluation of variation in thickness in the machine direction of interlayer film for a laminated glass

[0085] The variation in thickness in the machine direction of the interlayer film for a laminated glass was evaluated by
the method shown in Fig. 1.

[0086] First, the interlayer film for a laminated glass was drawn out from the roll and cut at 3 m or longer in the machine
direction to give a test sample with a size of 3 m X 1 m. The obtained test sample was planarly left to stand at 20°C and
30%RH or less for 24 hours, and the measurement was performed thereon.

[0087] The thickness of the interlayer film for a laminated glass was measured continuously at 1.5 m/min using a
micrometer (KG601B-type wide-range electronic micrometer produced by Anritsu Corporation) along the dotted line 41
along the central portion in the width direction and the dotted lines 42 and 43 along the end portions (at a position shifted
toward the central portion in the width direction from the edge by a distance corresponding to 5% of the width of the
interlayer film for a laminated glass) in the width direction on the test sample after standing. The measurement was
performed at 20°C and 30%RH or less.

[0088] The difference between the maximum thickness and the minimum thickness was calculated for each of the
central portion, the one end portion, and the other end portion in the width direction of the interlayer film for a laminated
glass based on the obtained data.

(2) Evaluation of deaeration properties upon preliminary pressure bonding

[0089] Six pairs of transparent float glass plates (100 cm in length X 50 cm in width X 2 mm in thickness) were
prepared. The test sample (size: 3 m X 1 m) obtained in the evaluation of the variation in thickness in the machine
direction was cut into six pieces (size: 1 m X 0.5 m). The test sample was cut in such a manner that the direction of a
3-m side of the test sample and the direction of a 1-m side of the cut sample piece were in parallel with each other. The
resulting six test sample pieces were sandwiched between the six pairs of transparent float glass plates, respectively,
thereby preparing six laminates. The obtained laminates were heated in a heating oven until the temperature of the
laminates (preliminary pressure bonding temperature) reached 50°C to 70°C, and transferred between nip rolls (nip
pressure by air cylinder: 5 kg/cm?, linear velocity: 5 m/min), thereby performing preliminary pressure bonding.

[0090] The total light transmittance of the preliminary pressure-bonded laminates was measured with a haze meter
(TC-H3DP produced by Tokyo Denshoku Co., Ltd.) in accordance with JIS-K7105. The case where the average total
light transmittance of six laminates was 60% or higher was rated "Excellent (OO)". The case where the average total
light transmittance was 50% or higher but lower than 60% was rated "Good (O)". The case where the average total light
transmittance was 40% or higher but lower than 50% was rated "Not good (A)". The case where the average total light
transmittance was less than 40% was rated "Poor (X)".

[Table 1]
Variation in film thickness in machine Deaeration properties upon preliminary
direction (m) Structure pressure bonding
End Central End of film Temperature )
. . . i Transmittance
portion portion portion condition

Example 1 15 23 17 Single 50 o
layer

Example 2 15 23 17 Single 70 00
layer
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(continued)
Variation in film thickness in machine Deaeration properties upon preliminary
direction (m) Structure pressure bonding
End Central End of film Temperature )
. . . i Transmittance
portion portion portion condition

Example 3 30 22 29 Single 50 o
layer
Single

Example 4 30 22 29 70 @)
layer
Single

Example 5 30 29 30 50 O
layer
Single

Example 6 20 18 20 70 @)
layer
Single

Example 7 38 31 25 50 O
layer
Single

Example 8 39 27 30 70 O
layer
Triple

Example 9 24 19 23 70 @)
layer
Triple

Example 10 28 39 30 50 @)
layer

Comparative 42 40 43 Single 50 %
Example 1 layer

Comparative 42 40 43 Single 70 A
Example 2 layer

Comparative 48 49 51 Single 50 %
Example 3 layer

Comparative 48 49 51 Single 70 %
Example 4 layer

Comparative 30 40 50 Single 50 A
Example 5 layer

INDUSTRIAL APPLICABILITY

[0091] The present invention can provide an interlayer film for a laminated glass, which can exhibit high deaeration
properties during preliminary pressure bonding and enables production of a highly transparent laminated glass. The
present invention also can provide a roll, a method for producing the interlayer film for a laminated glass, and a method
for producing the roll.

REFERENCE SIGNS LIST

[0092]
1: Interlayer film for a laminated glass
2: Roll
3: Test sample

41: Dotted line along the central portion in the width direction on the test sample 3
42, 43: Dotted line along the end portion in the width direction on the test sample 3

10
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Claims

An interlayer film for a laminated glass, having a large number of recesses and a large number of projections on at
least one surface,

the interlayer film for a laminated glass having a thickness with a difference between a maximum thickness and a
minimum thickness of less than 40 uwm at each of a central portion, one end portion, and an other end portion in a
width direction that is orthogonal, in the same plane, to a machine direction of the film in production of the interlayer
film for a laminated glass, the thickness being measured along 3 m in the machine direction of the film in production
of the interlayer film for a laminated glass at the central portion, the one end portion, and the other end portion in
the width direction.

The interlayer film for a laminated glass according to claim 1,

wherein the interlayer film for a laminated glass has a thickness with a difference between a maximum thickness
and a minimum thickness of 30 wm or less at each of the central portion, the one end portion, and the other end
portion in the width direction that is orthogonal, in the same plane, to the machine direction of the film in production
of the interlayer film for a laminated glass, the thickness being measured along 3 m in the machine direction of the
film in production of the interlayer film for a laminated glass at the central portion, the one end portion, and the other
end portion in the width direction.

A roll comprising the interlayer film for a laminated glass according to claim 1 or 2 wound up in a machine direction
of the film in production of the interlayer film for a laminated glass.

A laminated glass comprising:

a pair of glass plates; and
the interlayer film for a laminated glass according to claim 1 or 2 interposed between the pair of glass plates.

A method for producing the interlayer film for a laminated glass according to claim 1 or 2, comprising an extrusion
step of extruding a raw material resin composition from a die using an extruder,

the extruder having a variation in delivery pressure during the extrusion step of +5 kg/cm? or less, the die having
a variation in temperature during the extrusion step of =20°C or less.

A method for producing the roll according to claim 3, comprising:

an extrusion step of extruding a raw material resin composition from a die using an extruder to form an interlayer
film for a laminated glass; and

a winding step of winding the interlayer film for a laminated glass into a roll in an extrusion direction of the
extruded interlayer film for a laminated glass,

the extruder having a variation in delivery pressure during the extrusion step of =5 kg/cm?2 or less, the die having
a variation in temperature during the extrusion step of +=20°C or less.

1"
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